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Abstract: Amid acids-derived cyanogenic glucosides catalyzing by plant cytochrome P450 
enzymes are plant secondary metabolism, which related to plant defense and anti-stress. A gene of 
cytochrome P450(namely MoCYP71, GenBank ID is MK172858) from Malania oleifera was 
isolated and cloned through analyzing the transcriptome of M. oleifera, then its function was 


analyzed by bioinformatics analysis, and the expression of MoCYP71 in developmental periods of 
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fruit was detected. The results showed that MoCYP71 gene has 1 572 bp, encodes 523 amid acids, 

and its sequence of cDNA has 88% identity with the CYP7I cDNA of Coffea 
eugenioides(XM, 027319282) and Coffea arabica(XM, 027213456); the relative molecular weight 
of MoCYP71 protein is 58 976.54, the theoretical pI is 8.10, the molecular formula is 
CogisHaigaN 2040744855, the instability index( II) is 40.84, and the protein belongs to an instable 
protein; there had no siginal peptide in this protein sequence, and the protein exists in the secretion 
pathway and contains two transmembrane structure, located in the protein sequence of 20-37 and 
311-333, the transmembrane sites anchored in the organelle membrane; MoCYP71 had all the 
conserved domain of CYP family, containing proline-rich region((PPSPPRLP), K helix 
region(KETFR), I helix region(GGIDTS), PERF domain(PERF) and the main identified feature 
heme-binding region (FGAGRRICPG); and the protein MoCYP71 and the CYP71E protein in 
Theobroma | cacao, Durio  zibethinus, Sorghum  bicolor(GenBank ID is EOX92908.1, 
XP 022773875.1and AAC39318.1, respectively) clustered one clan. The expression level of 
MoCYP7I gene reduced gradually in first 3 months after blossom fading, particularly, 1st month 
the fruit after blossom fading» 2nd month? 3rd month, however its expression level increased 
sharply in 4th month. The present study had a important significant to defense to insect pests, 
tissue ripening and secondary metabolism digging in M. oleifera. 
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Ik HR Malania oleifera Kje T 1X 13 Pl (Olacaceae), 73J3X ERE I] HEURE BE FLU , 
DU dt T zx BS RBS ERI PEPE EREE, 2007). FERRARIS RP, FSC ARI 
Sa AD EE Ci. WUOIEASTBEAS AE RUIT 2S I6 T) (Tang et al., 2013); KA lé ur 
Abe d ERES. BITTE TERUIZSIG GT) (Gleadow & Moller, 2014), WU 
Tis MEA UT BE feo Hh FFE FA DN DD 8 P (Morant et al., 2008), 18 44H} 52 8 Eb HR 
TZR, UT Lae Oe DS RE UG BRL] DIR GEL 12 FH (Anne Vinther et al., 2008; Jorgensen et 
al., 2011). 

TUWE- KRAKER REHE W, n PEE UU] nni RU I A HR C6 
aad SUBE T MESES DE, gr em E fe (Nelson, 2006a). LD Du FX 
Xe ER (Sorghum bicolor) H Pl DÉI (Jones et al., 1999; Gleadow & Moller, 2014), T% 
"hai Dr pt us BOSE AM 3 AER, GFR PA TIRE SE TJ e UL e äu, 
P450(CYP79A1 HI CYP71E1)f—^ AS A I] UDPG-füj 4j a 4:2 R(UGTSSBI) (Jones et al., 
1999; Bak et al., 1998; Halkier et al., 1995); HHH CYP79A1 ff ifi ERR AIRERA vk 
ZH Hs (p-hydroxyphenylacetaldoxime); CYP71E1 bn R CES eM p-Fed& As A 
ie if, CYP7TIEI X44 4-f$63& AS Z RE His 7E. 7r CREE (4-hydroxyphenylacetaldehyde oxime 
monooxygenase)(Xie et al., 2017); UGT85B1 fA iE p-Fe3&2& C. WH (p-hydroxymandelonitrile) 
Lsv EIS E (dhurrin). Be AY CYP71EI Bg T CYP71 ZXU(Xie et al., 
2017), {A CYP71 ARH AE FEE A to) Be Ho SKI EKRE EE; SR AH. WATE 
Ié Ru FF (Arabidopsis thaliana) CYP71 AUR ANY 52 ARRIE ss f| CYP71A Fl CYP71B 
PAS WAI (Paquette et al., 2000; Nelson et al., 2004), CYP71 XRAM EKK E EERE 
= (Jorgensen et al., 2011), DIE CYP71 AARZE A BH ZI RE SE E FETE EAE. Dor, 
jt AR MARAE (Bak et al., 2001). X &(Guttikonda et al., 2010)5: & PHEN ES 8 BIS Ah 
CYP71 AREA, (AMAA KK SR (Malania oleifera DI CYP71 SD 4538. ASH FREE 
ERK 3 ^H RN Sk RR SE ET RAME, Aarb CYP ZEA (HA 


zn 


MoCYP71), Zb RT-PCR RE KD ZE CDNA, FEE REO ZEE 
"dr gp tr, "Kr E DT EE TR SIE ARAB IN BH EA EE. DE — IP e A 2 RR 
SC rb UAE Cl AS EP FANT EE RU E AS PG FEES RH Lf] BS t FEL o 


1 HSln tr 
1.1 #7} 


MAKRT zB SC LUN PS AIA ES AT eR LE RR TE 17 H«2H« 
3^ H. 47 ARSE, TINSEL ERIRE: xmadtf PAK A UE BOA Ei 
[p] SCS es EL-T-80 "CUKAG HAA. 
1.2 BRAD RNA HAL 

TEU 3 PH Bs RAR SEE BAEK EA ET PEA, EDGE ee 2A. unigene it 
47 AH Blast, Jf Unigene Æ NR, NT, Swiss-Prot, KEGG, COG, GO Së Put 
{TIERRA AAT, RAR 0 H SAG SEA PAY) CYP71 FE. J Qiagen Plant RNA JERAI] 
f VEI A RE Du i RE SAMI A RNA, DI 1 9611] Ss Re BORO DU Er E FE EA RNA DI 
ETE, FM lug APA AIZEN RNA WET REE CDNA, 14 cDNA DEn CS 
HH FA 
1.3 #4 MoCYP71 HAWK 
XE SG s E REREAD TORS RCIA ti eg D II SE) CYP RI, CL 
ak f B] CYP HAR ai, dx oi OH ww TD eR Sl DB 
(MoCYP71F:5'-ATGCACTTGAGCTTCCAAAG-3) fl & @ £k ib 3 m FAY FR OI 3 
(MoCYP7IR: S5-GGTATAATTGGGATGCATAG-3). DZ HD cDNA HR, Hj HiFi 
eher PCR 3398, oke Don D BE sl pGMT TH E. FI, vH 
YE PCR DEIER MoCYP71 ZEAMIBAVE DEBE, 3€ EIE TOMAR, Säz Fu LE f ae 
ZE MoCYP71 KRIER, JEZKIAAEE-80. CO. 

1.4 MoCYP71 HEHE BAA 

HH ORF Finder(https://www.ncbi.nlm.nih.gov/orffinder/)* CYP71 KINO rk EL 
ELT XJ, Hj ProtParam(https://web.expasy.org/protparam/) . 
CDD(https://www.ncbi.nIm.nih.gov/Structure/cdd/wrpsb.cgi) . 
TMHMM(http://www.cbs.dtu.dk/services/TMHMM/)*:4) fr MoCYP71 SSDmImO FI. PRA 
ZA SPU PS A HU, FA DNAMAN [EXT ECA EPR DRY Y, WARE MoCYP71 Dirk) 
JW. JDL MoCYP71 EÉ NCBI E CUTE CYP EARTE, AH 
MEGA7 tr p HZ 0 BE (Nei ghbor-joining) FJ 424) F AAEM o 

1.5 ZAR MoCYP71 BAA AARRADH 

4) 9G 3E RAS RIZR ZR] RNA 2 ugs REKER CDNA 88 St. Lin CDNA 
RRA, FARE S|) TMoCYP71F(5'-ACCGCCGTCGCCCAATCTTC-3') Ail 
TMoCYP71R(5'-AACAGAGCATGAGGACTTGG-3')#£ 47 ZC *& PCR HT, IFLA elongation 
factor 1-alpha SEI (PAA BEAR AR NES Sit, Ae PCR EA 2X SYBR Green 
master mix( ROX) 12.5 uL; 4/4 TMoCYP71F HI TMoCYP7IR #% 0.5 uL, cDNA 1 uL, ix 
2X H] PCR water nucle-free 4h Œ 25 uL. PCR MS, MÆRE 95 °C, HH] IO min, 
SI, APEE 95 °C, ISI) 15s; BKA EREA 60 °C, ITAA 30s, 4k 40 MAH. 
RARE, effe i Ct ELA T 
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WA RERABE IA Dr. IR AR TRU ELSE PASO THOSE DNA al, FF 
DL BOA dn TUBES OU MoCYP7IF H MoCYP7IR, ELE RES cDNA. HR ir 
PCR HIR. RAR K 1 572 bp f] cDNA FANER 1), EE 473 MoCYP71 4A (GenBank 
RSA MK172858 ). JB MoCYP71 JEN) cDNA FAJE NCBI Läit Blast LEXt, AIM 
FEA cDNA Prä 5iilE(Coffea eugenioides, XM, 027319282). 7) FE UMHE(Coffea arabica, 
XM_027213456)"P IEE R P450 SEK) mRNA FF 73548 88961] art, 


| 1 MoCYP71 Roos 
Fig. 1 Cloning fragment of MoCYP71 gene 

2.2 MoCYP71 ARREA REUE SEAT 

MoCYP71 Dn 523 PAER, A AER IE NCBI EHT BLAST Eur, S 
M i E AG og (Sorghum bicolor) F 9a 1 4- f4 AZ Bel Hs 8 Jn Bl A (Bak et al., 
1998)(4-hydroxyphenylacetaldehyde oxime monooxygenase, EC:1.14.14.37) AMBER P450 
ZS A (GenBank S35 7J AAC39318. DI] SE 58%, 4-278 Z, Bars P Dee CYP71 
ZU. MoCYP71 WAM ^E HAS RAN, GO pn nl AT H 58 976.54, Sie ^s 
DO pl AW 8.10, TRX CogrsHaisaNgo4O 448275. AE Së Uh 40.84, ce — FANE BE 
A; REBATE SK, FET OUR, GAA MERA, TIF 20-37 Al 311-333 
Nr PATER A PS RK a ne, HE Tas DL. Rae Sk SRE MoCYP71 RASAR, AS 
(Manihot esculenta) MAFA (Arabidopsis thaliana)H] CYP71 A wR a A(GenBank X£3* 5 7} 
FAY 048958. Q6XQ14 Al QOLVD2. 1)3fr AWRY JEXT, AHL MoCYP71 SR 
ER P450 KATA TR Yaar) 2), MARE SEDX(PPSPPRLP), K !JE(KETFR). I WI 
(GGIDTS). PERF (PERF) CYP jE Ng x We HI gu AY A Sal) £s to at ZL RR A R 
(FGAGRRICPG). EIS G4 x WT fE HY of nf (Theobroma cacao). P ESRAR HE (Actinidia 
chinensis var. chinensis). fa ESRB AE Ze Hs Se (GenBank ŽRK ETIN 
EOX92908. PSR86236 fll AAC39318); K= (Glycine max). (Prunus mme) fl A (Persea 
americana) 5 Ji T A BE fa Jn et RR DU EE FH (GenBank X$3*^5 475 4 AF022157, AB920492 il 
P24465); 3 E€ (Cichorium intybus), H (Artemisia annua), RKR Ei (Hyoscyamus muticus) 
TUA ER (Nicotiana tabacum) 55: DI hi RA E E E H (GenBank %& 38S 7} Fill N EIB2Z9. 
BAM68808. ABS00393 fll AAD47832); KÆHE(Catharanthus roseus). WPA (Arabidopsis 
thaliana), P H &(Helianthus annuus) HI S] K F (Ammi majus) E A RK fra B] ën er FE 
ZS Á (GenBank ŽRK 54A] ADZA8681. 049342, AEIS9779 FI Q6QNI4 ) 5 ga 3k R oi 
MoCYP71 AT FARE, RERE 3): ARIA, PERRA e 
EE 2, AE As EET EUSS(CY P7 1E D) REL RNL, ZAP E A P v EA 4-62 CLE 
HEN A-EedE2E CHG o 
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MHLSFOSPNAMAAIPLSSEWLLPLFILLLPLLSLLFLKPKN-KELKAAKLPPSPPRLP]I 
LEE —--—-----APRLPPGPAQLPIL 


eeben SVS PGL ES 
MAREEK proline rich region - 


GNLHQLGKLPHQTLWKLSQEYGPVMLLQLGSVPTMVVSSADMAKEILKTHDLDFCTRPSS 
GNLHLLGPLPHKNLRELARRYGPVMQLRLGTVPTVVVSSAEAAREVLKVHDVDCCSRPAS 
GNLHOLGGOPYVDFWKMAKKY GPVMY LOLGRCPTVVLSSTET SKELMKDRDVECCSRPLS 
GNLHQLGELPHQSLCKLSKKYGPVMLLKLGRVPTVIVSTPETAKOVLKDYDLHCCSRPSL 


xxx x * Sas. A ew s EP dé. ^. - . Wu P$. wv 
PGPKRLS YNYLDVAFS PYSDYWRE IRKLFVFELLSAKRVOSLWYAREAEVDNLITAVAQS 
PGPKRLS YDLKNVGFAPY GEYWREMRKL FALELLSMRRVKAAC YAREQEMDRLVADLDRA 
VGPGOLSYNFLDVAFS PYS DYWREMRKLFI FELLSMRRVOTFWYAREEQMDKMIEILDGA 
EGIRKLSYNYLDIAFSRFDDYWKELRKLCVEELFCNKRINSIQPIKEAEFMEKLIDSIAES 


o sn E S cx SEENEN A orc S 
SPN--PVNLSEKIFILADSIVGIVGFG-KRYGGMQFKN-QKFQDVLDEAMNMLDSFSAED 
AASKASIVLNDHVFALTDGIIGIVAFG-NIYASKOFAHKERFOHVLDDAMDMMASFSAED 
YPN--PVNLTEKVENMMDGIIGTIAFGRTITYAQOEFR--DGFVKVLAATMDMLDNFHAEN 
ASQKTLVNLSDTFLSLNVNVICKAVFG-VNFQGTVLNN-DKFQDLVHEALEMLGSFSASD 

* 


: = Tapes * eo. ou. 4. Oe 

FFP-AVGWIVDALTGLRARLEKS FONLDGYFOMVLDAHLDPSRPKTEH-EDLVDVLIGLT 

FFPNAAGRLADRLSGFLARRERI FNELDVFFEKVIDQHMD PARPVPDNGGDLVDVLINLC 

FFP-VVGRFIDSLTGALAKRORT FIDVDRY FEKVIEQHLD PNRPKPET-EDIVDVLIGLM 

FEP-YVGWIVDWFT GLHARRERSVRDLDAF YEQMI DLHLOKNREE SED--DFVDLLLRLE 
* 


**ko x z wow x. ow 


KEQGGSGAFRLTKDHVKAVLMNIFIGGIDTS PRVLKKVQAEIRSRV 
KEH--DGTLRFTRDHVKAIVLDTFIGAIDTSS LWAMSELMRKPQVLRKAQAEVRAAV 
KDE--STSFKITKDHVKAI At : TWAFSELLKNPKLMKKAQEEVRRAV 
KEEAVLGYGKLTRNHIKAILMNIL: AT TMT WAMAELIRNPRVMKKVQSEIRAQIT 


* Aor dr 


GPNKRR--VEGKEVEKIKYID! RKHPPVPLLVPHFSMKHCKIGG----YDILPG 
GKNNKTRIISLDEINHLSYLNMV: PVAPLLVPREVISEFKING----YTIQPK 
* * * *o* * * 


“PERF B PERF region [NIE ÂH heme-binding 


TVEFTLANLLYCFDWAMPSGMNREDVSMEEEGGITIHKKTPLYLVGKRYNWDA 

NVIFTLANLLYCYDWALPGAMKPEDVSMEETGALTFHRKTPLVVVPTKY---- 

AVKYILSNLLYGWDYEMPRGKKFEDFPLIEEGGLTVHNKODIMVI PKKHKWD- 

TVEFGLANLLYHFDWKLPEGVAVEDI YMDEASGLTSHKKHDLLLV-------- 
DÉI 


dee STT ee WS 


A TI. 


YE: Mo. Zi CYP71 ZS 


; Sb. &3E(Sorghum bicolor) CYP71 4 A(AAC39318.1); Me A S (Manihot 


esculentaJCYP71 Œ H(Q6XQ14.1); At. M (Arabidopsis thaliana)CYP71 SS A(Q9LVD2.1). 
Notes: Mo. Malania oleifera CYP71 protein; Sb. Sorghum bicolor CYP71 protein(AAC39318.1); Me. Manihot 
esculenta CYP71 protein(Q6XQ14.1); At.Arabidopsis thaliana CYP71 protein(Q9LVD2.1). 


2 4 fi] CYP71 RAP FU fr 


Fig. 2 Sequence alignment and analysis of CYP71 proteins in 4 plants 


90 KE Glycine max AF022157 
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oxime monooxygenase 
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Wi si3kR MoCYP71 GHEY CYP71 BAN RHEL Hr 


Fig. 3 Phylogenetic analysis of MoCYP71 in Malania oleifera with other related plants CYP71 


proteins 


2.3 MoCYP71 BAZAAR BER BN RA PA gr 
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BOR IN IB SE ARR SC. HH] cDNA em, Dee AS tell 5] 17] TMoCYP71F 


#0 TMoCYP71R Kr MoCYP71 ZEA HIk IL, RERNA 4): MoCYP71 SC AP E 


ABB 
HAKH 
14H (PD^ 


ga nt PARA, DAM LYN RIK ASR, MoCYP71 Sitt, 
Hsc iy T S8: Cea, MoCYP71 BARAK, Jä 
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Note: F1. The 1 month bearing fruit after blossom fading; F2. The 2 month bearing fruit after blossom fading; F3. 


The 3 month bearing fruit after blossom fading ; F4. The 4 month bearing fruit after blossom fading; L. leaves. 
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Fig. 4 Expression level of MoCYP71 gene in the different developmental periods of fruits and 


leaves in Malania oleifera 
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JI RT et 
T dud 


B ACTH P DEAR AU nl s Siet 64.98 o ru 2008), PK ARAL HH UT Ss 
H (Rustler et al., 2007). AAA) WEF RPE, REH 


WER P450 "En S SS (CY PME Th AE RT BK (Bak et al., 1998); KP CYP79 X 


REM He DG 
BORE DAI C 
AS (Jorgen 


ASW FE 


Jiu. 3x4 


ent d M ai RE BRE RH URP (Gleadow & Moller, 2014), CYP71 RERE 
(Bak et al., 1998). Hor, CLA CYP79 All CYP71E WEE E; 3E(Bak et al., 1998). 

sen et al., 2011). 2 €% (Taxus baccata)(Luck et al., 2017) H2 E AEWA FERT 
ut, MARAKT He Dat rt AM E CYP AREA FE 
Hei vu ERS CYP71 ZORI ED MoCYP71, 38st ^E Dr RZ 


FED AY ERE 


Hj Kui tua P450 SURI CHE, SHEER. Ae. ARE ie 


ALES ZG E, ILE AA CYP71 S A Yt ZU As RAH (eh (Sharafeldin et al., 2017; 
Boutanaev et al., 2015). HIR Sz EU IIBE CYP71 AURA RES xS FER Ae 


ai at 


40 Rb) ZU. AF 55 WERA- ERR, AF 97 eut RI 


(Nelson, 2006b; Liu et al., 2016); MoCYP71 5 A EP mth 4-Fe3E Z, EH rH (Bak et 


al., 1998)f*] 


E SET 58 96, THEM) MoCYP71 73 4-EG 3E AR IAS (Xie et al., 


2017). ASW EZ gl RANI CYP71 EAD T 4 SAN EDU BERI] 36» ELA CYP71 


FE AE 


REP ELLIE A AE S FEGorgensen et al., 2011); E287) F MoCYP71 ZS 


En. PARK. mE AER Rome It gn REL Deh A. MoCYPTI 
EISEKUCHEN 
RENE. LARA CA) AS RÉP U.S Wei | MAIS IER, KD EAR 
MoCYP71 ZEAE 4E VIE Je a 3 TSA Bs hn I BIR, TESS 4 TS ea 
USES, JE KD E ask RR SE MATE TEE IK. £x EBD, MoCYP71 LABS 
RMHWEDMAR. SLR RAR, X5 CYP71 RASSAAR, AOE 
AJÉ BU AH (Gleadow & Moller, 2014) RARE ech CYP7IEI RAWRAKS 
MoCYP71 3&p|zeik2S A, BERAR CYP HDLes, TU TE HUEL E REL R 
(Jones et al., 1999; Gleadow & Moller, 2014; Bozak et al., 1990). “StH 72H ZAGAT, SURE AT 7k 
Um, Dë BEY Gi (Irmisch et al. 2014) D (RAP RAER RER EAE, MoCYP7I 
SEA Ea Sk IR HR SECUS [8] AB SER IT XS EA TI ER. IUE FE I ES k RELA 
Bray SIF vL PE f 8] MoCYP71 RI, HET AE fe I5 2 MT rk WH dr IPS [8] E] RS A nl 
BTE A E, As SRL BI B AUD Lit URL SK FR GRAVE FE 28 XE dl o 
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